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EMRIA is a coordinated approach to field data collection, analysis,
and interpretation of soil, water, overburden and energy resource data,

The main objective of the effort is to assure adequate baseline data
for choosing reclamation goals and establishment of lease stipulations
through site-specific preplanning for surface mining and reclamation.

These reports are prepared through the efforts of the Department of

the Interior principally by the Bureau of Land Management, Bureau of
Reclamation and Geological Survey. Assistance is also provided by
other Federal and State agencies.

Reports under this effort are:

EMRIA Report Location Source - BLM Offices

#1 - 1975 Otter Creek near Ashland, MT Montana State Office
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316 N. 26th Street
Billings, MT 59101

#2 - 1975 Hanna Basin near Hanna, WY

#3 - 1975

#4 - 1975

Taylor Creek near Craig, CO

Alton near Kanab, UT

District Office
1300 Third Street
P. 0. Box 670
Rawlins, Wyoming 82301

Colorado State Office
1600 Broadway - Room 700
Denver, Colorado 80202

Utah State Office
Federal Building
125 South State
P. 0. Box 11505
Salt Lake City ; Utah 84111
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This report is to present the reader with a brief nontechnical summary

of conclusions and recommendations from the detailed studies on the

OTTER CREEK STUDY SITE. Backup data may be found in the main report.

The study site is located in Powder River County, Montana, and is com-

prised of about 1,830 acres in sections 26 and 34, T. 3 S., R. 45 E.,

and section 2, T. 4 S., R. 45 E., Montana Principal Meridian. The
general location is shown on plate 1. The site location is shown on
plate 2 and photograph 1.

TOPOGRAPHY

The area is in the Great Plains physiographic province. This topography
is characterized by long, narrow benches between tributaries to Otter
Creek. These benches rise in a series of steps to the main divides
between the major drainages. The main divides are the remaining rem-
nants of a once extensive plateau. The steps represent the process of

erosion on flat-lying beds of varying resistance - where the beds are
soft, gentle slopes are the rule. Where more resistance rocks such as
clinker and moderately cemented sandstone occur, steep slopes including
some moderate cliffs occur. The elevation of the study area ranges
from 3065 to about 3272. Plate 2 shows the study site topography.

CLIMATE

Otter Creek has a continental-type climate with a mean annual precip-
itation of approximately 14 inches and a mean annual temperature of
40° F. About 75 percent of the precipitation falls as rain during the
growing season. Growth of native range is rapid during May and June
which are the wettest months of the year.

The frost-free period, days between 32° F., ranges from 108 to 120 days.
The time between the last frost in the spring and the date potential
evapo transpiration (PET) exceeds available moisture is 40 to 60 days.
The growing season for native grasses on the site begins late in April
and ends about July 15 when the available moisture is consumed.

Reclamation plans must consider the long period of moisture stress in
the summer and frost hazards in the fall and spring. Even though mean
annual precipitation appears to be adequate for reclamation, the
occurrence of a year receiving less than 10 inches is about 10 percent.
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GEOLOGY

The Otter Creek Study Site is underlain by the Tongue River Member of

the Fort Union Formation which consists of a series of soft siltstones,

shales and weak to moderately cemented sandstones. Beds of carbonaceous

shale and coal of varying thicknesses occur throughout the Tongue River

Member. Clinker, produced by burning of underlying coalbeds crops out

along the flanks of the ridges and forms caps on many of butte-like
topographic forms in the area. The general physiographic features are

shown on plate 3.

The Knoblock coalbed with an average thickness of about 61 feet under-

lies the study area at depths ranging from 30 to about 220. This coal-

bed along with the overlying soil and bedrock was investigated by a

series of seven drill holes from which samples of the continuous cores
were taken for laboratory analyses. Tests to define the engineering
properties of both the undisturbed and disturbed materials were made.
These tests, although not conclusive, were indicative of the need for

additional data for the design of safe slopes during a mining operation.

COAL RESOURCES

The coal resources, both measured and indicated, for the Knoblock coal-
bed underlying less than 200 feet of overburden in the study area were
88,652,000 tons and 37,210,000 tons, respectively. The area around and
including the study area, about 2,975 acres, contains an estimated
identified coal resources of about 318,284,000 tons. All but about
62,000,000 tons are at depths of less than 200 feet. The overall ratio
of cubic yards of overburden to tons of coal in the area with 200 feet
or less of overburden is about two cubic yards of overburden per ton
of coal.

The Knoblock coal is subbituminous C in rank. The average Btu value
on 24 samples as received was 8,110. The average ash content in five
drill holes was 5.5 percent whereas the average sulfur content was
0.15 percent. Analyses of coal, coal-ash, and rock samples indicated
that concentration of trace elements were generally below the average
for these elements in the continental crust. Only selenium, 0.4 ppm
for the Knoblock coal compared to 0.05 for the crustal average, is
higher. Even this amount is relatively low.

SUITABILITY OF SOIL AND OVERBURDEN FOR REVEGETATION SOILS

Surface soils are shallow, 6 to 20 inches, but they should be given
top priority over geologic strata as a plant growth medium for
reclamation because of its higher organic matter, physical condition
and presence of viable seed which will aid in producing a vegetative
cover. There is not sufficient surface soil and subsoil material
in the study site. Therefore, additional overburden materials from





the geologic strata must be used at or near the surface in the

reclamation process. A detailed land classification rated the surface

soils and subsoil material as a source of resurfacing material for

revegetation purposes.

Surface soils were mapped in ten soil series and a detailed land
classification delineated the soil mapping units into five classes.

The classes were based on texture, depth, sodicity, salinity, moisture
retention, and the estimated field infiltration rate of the soil, sub-

soil material and the shallow geologic material. Topography, as

it affected stripping and stockpiling of resurfacing material,
was also considered. The classes are summarized below:

51 represents 19 percent of the study site. The soil material
of these colluvial and alluvial soils have few limitations as

revegetation media and the entire profile can be used at or

near the surface. Depth of the profiles ranges from 5 feet to

more than 20 feet. Moderately limey and slightly saline layers
should be placed 6 inches below the surface. Topographically
these mapping units are well suited for stripping resurfacing
materials.

52 represents 13 percent of the study site. Principal deficiencies
of these residual, colluvial and local alluvial soils for plant
media are depth, salinity, texture, and moisture retention.
Selection of overburden material for use on the surface will
require moderate review of field data and possibly selective
stripping and stockpiling. This level of selection and place-
ment of material is necessary for the most effective use of
available overburden. With this selection and placement
reclamation should not be difficult and average management
should be adequate. Topographic limitations are minor.

53 represents 15 percent of the study site. These shallow
residual and colluvial soils often do not have an adequate
amount of good soil material. Overburden deficiencies include
depth, salinity, sodicity and infiltration rate. Sandstone
and shale outcrops are common. Usually adequate overburden
of suitable quality can be found but the cost may be high.
The topography ranges from smooth tabular divides to steep
slopes. Stripping of the steeper slopes for resurfacing
material may be unrealistic, but selected stripping should
be considered for best use of available good quality overburden.

54 represents 25 percent of the study site. Very shallow
soils over geologic strata typify soils in this class. Shale
exposures are dominant features in most slope classes and
selective stripping is recommended. The overburden deficiencies
for plant media include fine texture, infiltration rate, salinity,





sodicity and moisture retention. Placement of the lower quality

but usable material below A to 6 inches is important. If

original gradient is restored, basin-type surface maniuplation

should be considered.

S6 represents 28 percent of the study site. The shallow soils

and weathered geologic material range in quality from good to

unsuitable for plant media. There is insufficient suitable

quality overburden near the surface for revegetation purposes

and material must be borrowed from deeper geologic strata or

adjacent mapping units. The low quality weathered geologic

strata should be placed at least 3 feet below the surface.

Solenetzic soils with slick spots that are beginning to

revegetate may be used. The columnar horizon may not be

sodic but the physical condition of the soil will require
better than average management if used on the surface.

Placement of various materials in these mapping units is

important.

Each boring into the Fort Union Formation has geologic material that

is suitable for use as plant media at or near the reconstructed
surface. Medium textured sandstones, siltstones and some sandy shales
that are nonsaline and nonsodic have the greatest potential. An
adequate amount of this material can be found but the cost of stripping,
isolating and storing may be high.

Evaluations based on field classification, laboratory and greenhouse
studies conclude that sufficient material exists in the overburden
(soils and geologic strata) to provide good quality material for
resurfacing medium to support vegetation.

VEGETATION

At the present, a Ponderosa pine savannah, with aerial cover of trees
ranging from 2 to 30%, occupies one-third of the study site. Grass-
lands, with dominants such as needle-and-thread, little bluestem,
western wheatgrass, and prairie sandreed, are extensive (about 50% of
the area) , the third most extensive vegetation type is upland big sage-
brush with an understory of grass. Deciduous trees and shrubs such
as cottonwood, box elder, ash, chokeberry, and silver sagebrush are
common adjacent to stream channels and on floodplains. Types of
limited distribution include greasewood and wild buckwheat.

SEDIMENT

Current estimated annual sediment yields from much of the study site
are less than 0.4 acre-feet per square mile. The generally excellent
cover of vegetation and rocks and flat to gently sloping terrain are
the main factors causing the sediment yield to be low. Many of the
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entrenched channels on the site appear to be slowly filling with

sediment. Much of the sediment load of the channels draining the site

apparently does not reach the principal streams, Home or Three Mile

Creeks. Sediment is deposited on bottomland terraces where the flows

either spread naturally or are diverted onto waterspreaders.

High estimates of sediment yield (3-5 acre-feet per square mile) from

ungraded and graded but barren overburden, emphasize the need for

establishing vegetative cover on overburden as soon as possible.

During the reclamation period when vegetation is becoming established

and the soil is stabilizing, the sediment yield from overburden areas
could be greater than present estimated rates. Measures must be taken

to prevent sediment produced from reaching off-site locations.

HYDROLOGY

Surface mining of the Knoblock coal bed in the Otter Creek coal field
will include removing 30 to 200 feet of overburden and drain water
from about 61 feet of coal. Mining plans and operations must include
measures capable of preventing deterioration of off-site water quality
and quantity. If this is not done, the mining operation would cause
the water level in 6 stock wells in the area to decline by as much as

125 feet, increase sediment production, and deteriorate the quality
of water that passes through the backfill material.

GENERAL

Data collection and analysis on this study was perhaps more intensive
than any prior study of this type conducted by BLM. It was sufficient
to point out problems and methods to minimize adverse affects on rec-
lamation in quantitative terms. It was not, however, sufficient to
develop detailed specifications or stipulations for mining and reclama-
tion plans. The study sets the stage for potential mining companies to
expand on these data in particular areas of concern. It also points
out the need for the Bureau to document as accurately as possible all
baseline data involving the resource values and uses which will be
affected by surface mining such as:

Vegetation Inventory - i.e., composition by species; percent cover
estimated AUM's for livestock; estimated AUM's for wildlife.

Description of Uses - i.e., class of livestock; AUM's licensed or
permitted; wildlife which occupy or range in the area; recre-
ational; instructional or educational; other.

RECOMMENDATIONS FOR RECLAMATION

Reclamation plans must consider the Montana State law which is defined
to require a return of surface-mined lands to approximately their





natural state, revegetating with principally native plants on slopes

with similar gradients to pre-mining conditions but not exceeding
20 degrees, and placement of toxic materials 8 feet below the surface.

Safeguards to prevent deterioration of water resources must be im-

plemented. Successful revegetation of the Otter Creek area must
consider the long period of moisture stress in the summer and frost

hazards in the fall and spring. Even though the mean annual
precipitation appears to be adequate, there will be about a 10 percent
chance of a year receiving less than 10 inches of precipitation.

Recommendations for revegetation, soil amendments and manipulation,
sediment control, and water resource safeguard follow.

Revegetation

1. Fall seeding, preferably after October 15 appears to produce
the best results in this area. Grasses and legumes should be planted
as soon as possible following seedbed preparation.

2. Avoid monocultures in grass-stand selection. Choose a good
mix of adapted species which are drought resistant, salt tolerant and
have good sod-forming characteristics. The following grasses, legumes,
shrubs and trees are suggested:

Grasses - Wheatgrass; smooth bromegrass; orchardgrass;
little blue stem; blue bunch wheatgrass; western
wheatgrass; side-oats grama.

Legumes - Yellow sweetclover; alfalfa.

Shrubs - Four-wing saltbush; winterfat; nuttall saltbush.

Trees - Ponderosa pine.

3. When a range mixture is used, increase the recommended rates
by at least 50%.

4. Drilling should be given first consideration for seed
application.

5. Where trees are included in the revegetation process, give
first consideration to transplanting mature stock rather than planting
seedlings or seed.

6. All reclaimed areas must be protected from grazing animals
for a period of no less than three (3) years or until the District
Manager determines that the planted vegetation is sufficiently developed
and established to withstand grazing use without damaging the overall
vegetative cover. In the event noxious weeds invade the reclaimed





site, the local manager should use acceptable methods of control to

remove them from the plantings before desirable range plants are
"crowded out" of the reclaimed area.

7. Surface or subsurface water, if available in sufficient
quantities and meets the required needs of the resulting soil,

vegetation mix after mining, might be used to supplement precipitation
to achieve germination and seedling establishment. The use of supple-
mental water for revegetation beyond initial plant establishment is

not recommended.

Soil Amendments and Surface Manipulations

Due to the climatic and edaphic conditions that prevail within the

study area, it is recommended that soil amendments and surface
manipulations be employed on all distrubed surfaces. This is especially
important where subsurface materials must be added to the topsoil to

attain a recommended depth of 8 to 12 inches surficial material, plus
a minimum of 4 feet of non-toxic materials below the surficial material.

Mulches - First consideration should be given to the use of grass hay
applied at the rate of 5,000 lbs/acre. Second choice would be
grain straws applied at the rate of 6,000 lbs/acre. Vegetative
material should be blended into the soil by rotovation, discing,
etc., to maximize the value of mulching, rather than left on the
surface. Gravel or crushed rock can be used as a surface mulching
material in stabilizing the surface against wind erosion.

Fertilization - It is recommended that triple super phosphate fertilizer
be applied at the minimum plant available rate of 50 lbs/acre.
Nitrogen should be applied at the minimum plant available rate of
40 lbs/acre. Urea nitrogen should be used when possible to get
a slow release during the growing season. Fertilizers should be
applied at the same time or in conjunction with the mulching so
that they can be blended into the surficial materials by roto-
vation, discing, etc.

Surface Manipulation - It is recommended that surface manipulation
such as gouging, ripping, contour furrowing, pitting, chiseling,
etc., be employed on the contour to maximize the availability of
precipitation for plant use and also retard surface erosion.
Heavy equipment used in the backfilling, grading and shaping
operations has a tendency to cause compaction of surficial
materials. The above described practices will also assist in
breaking up and roughening these surfaces to decrease runoff
and increase water intake.

Where highly pulverized overburden materials are to be used
at the surface, it is important to avoid undue compaction





caused by machinery operation. If compaction does occur,

it will be necessary to scarify the surface by ripping or

chiseling in order to reestablish proper physical conditions
for plant growth.

Sediment Control

1. Surface manipulation, such as contour furrowing, etc.,

to minimize erosion of spoil banks during periods of heavy
precipitation.

2. Construction of catchment basins or settling ponds on
drainages.

3. Reestablishment of vegetative cover as soon as possible.

Water Resource Safeguards

1. Control of deterioration of surface water quality by
diversion of streams around mined areas and construction of catch-
ment basins to control sediment.

2. Placement of the most inert, permeable part of the over-
burden in the lowest section of the spoil to prevent degradation of

the groundwater which accumulates in the spoil and promote recovery
of the watertable.

3. Placement of toxic materials in zones which will not
become saturated.

4. Monitor streamflow, quality of surface and subsurface
waters, and water levels in shallow aquifers before, during and
after mining to insure that problems beyond those predicted will
be observed.

5. Determine the availability of aquifers for replacement
of wells affected by mining activities.
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Photograph 1
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Photograph 1 - Aerial view of the Otter Creek
study site (Sees. 26 and 34, T. 3 S., R. 45 E. and Sec. 2,

T. 4 S. , R. 45 E.). A portion of the Otter Creek Valley
is shown in the lower left corner of the photograph. This

photograph is a portion of the Bureau of Land Management

Photograph RCAP - 7-2 (6/28/74).
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